Introduction Over the years, Sri Lanka has achieved remarkable health gains for the money spent on health. Currently about 1450 doctors enter the health system annually. While some advocate opening up of new medical schools to address an apparent shortage of doctors in the country, others argue against it.
Introduction
Sri Lanka is a developing country with GDP per capita of USD 3900, of which only 3.2% is spent on Health [1] . However, Sri Lanka's health gains are remarkable for the amount of money spent on Health care. For example in Sri Lanka the maternal mortality ratio is 33 per 100,000 live births, infant mortality ratio is 8.2 per 1000 live births and life expectancy at birth is high i.e. 72 years for males and 78 years for females [2] .
Sri Lankan Health care delivery system includes both public and private sectors. Public sector health care delivery is free of charge for the end user while in the private sector user fees are charged and it is driven by market forces. Doctors employed in the state sector are also entitled to do private practice after hospital working hours.
Public health sector is the key player in health care delivery accounting for 55% of the annual health expenditure while the private sector contributes around 43% [1] .
The state provides free education including university education. However medical school admission is very competitive as positions in the state medical schools are limited. There are 8 medical schools in the state universities and one Defense University, altogether producing around 1200 doctors annually [3] . There is one private medical school, however Sri Lanka Medical Council (SLMC) has still not recognized its degree, to register graduates as medical practitioners.
As evidenced by recent strikes from student bodies, trade unions, professional bodies and civil organizations, there is very strong opposition for private medical education in Sri Lanka. The opponents' claim that the number of doctors produced by the state medical schools is enough for the country; hence if private sector is allowed to produce doctors there could be an oversupply. Furthermore, there are concerns regarding quality of unregulated private medical education. Nonetheless proponents claim that Sri Lanka need more doctors, hence the need for private medical education.
According to the Sri Lanka Medical Council, annually around 250 Sri Lankan students obtain medical degrees from foreign universities and return to the country. The number of students returning with foreign degrees have increased over the past few years. These students have to sit for a qualifying examination conducted by the Sri Lanka Medical Council, before they are registered as doctors to practice medicine in Sri Lanka [4] .
Paper
Once a doctor completes the mandatory internship of one year in a recognized government hospital, they have several career pathways; join the Ministry of Health as medical officers, the university system as academics, the Defense Forces as military doctors, the private sector or Migrate to another country.
The number of doctors the country needs also depends on demand dynamics, which in turn depend on population profile, disease patterns and existing or planned health system facilities.
Workforce planning is a multi-dimensional concept involving both internal and external factors of an organization, while taking a strategic holistic approach [5] . Moreover, healthcare provision cannot be understood by looking at various factors in isolation [6] .
Currently whether the country needs more medical schools, is a key debate. However, no studies have been done in Sri Lanka in the recent past, using a scientific tool or a methodology to identify the number of doctors the country should train. The author in an attempt to answer this question, describes a System Dynamic Model to predict how many doctors should be trained in Sri Lanka. System dynamics is an analytical modelling approach and a methodology for studying complex feedback systems [7] . It is an aid to understanding the behaviour of complex systems over time [8] .
Methodology
Several studies were done to quantify some input parameters of the model. These sample studies consisted of focus group discussions held at district level with relevant experts.
Data pertaining to the number of medical students and staff in the state faculties and Kotelawala Defense University (KDU) were obtained from the respective Deans. Number of foreign qualified graduates passing the Examination for Registration to Practice Medicine in Sri Lanka (ERPM) was obtained from the SLMC. The number of students going abroad to study medicine was obtained by triangulation of data from, University Grant Commission, student recruiting agencies, foreign universities and local banks. Data pertaining to private hospitals and doctors employed in the private sector including general medical practitioners were collected from sample studies and the College of General Practitioners.
By analyzing the existing number of doctors in different categories and their respective training rates, retirement rates, attrition rates and dual employment patterns; the availability (supply) of doctors was derived.
The Model also considered the health economic growth of the country and its impact on the state and private sector opportunities for doctors. Taking into account past trends it was assumed that the state health sector would grow by 5% annually and the private sector by 12% [9] . The number of doctors needed was analyzed considering population growth and the aging of the population. Finally, total requirement of doctors was calculated by triangulation of facility staffing norms prepared by the Ministry of Health and expert opinion of health care planners, provincial health authorities along with above parameters.
A System Dynamics (SD) model was developed for "Need" and "Supply" of doctors in Sri Lanka. Specialized computer software (Stella Version 9) was used for this purpose and the calculations were based on mathematical equations using Euler algorithm. The SD model is illustrated in Figure 1 .
In this study, medical consultants were also included in the broader definition of doctors. Doctors working in different sectors were identified separately; such as government medical officers and consultants, university employed doctors, doctors working in the defense establishment and those in full time private practice.
In each of the doctor categories described above, training rate, attrition rate and retirement rate were considered. Attrition was defined as a doctor leaving a particular category before the age of retirement.
State sector employed doctors are allowed to engage in private practice after hospital working hours. This scenario was captured in the model. In all calculations, Full Time Equivalent (FTE) figures were considered. That is, for example, 100 part time doctors were considered 50 FTE doctors.
Currently the 8 state medical faculties and Kotelawala Defense University produce around 1200 doctors annually. Until recently, nearly 230 students returned to the country after completing undergraduate medical courses from overseas. However, since of late the number of students going abroad for undergraduate medical education has increased substantially. Therefore, it is expected that the number of students returning annually to Sri Lanka after completing medical degrees abroad, will rise up to 300 by 2019 and reach around 500 by 2023.
According to key informants and relevant websites there are around 940 students, in the solitary Private Medical School of the country [10] . This study assumed that they too will follow a similar career pathway, as those graduates Paper returning home with foreign degrees. It is expected that these students to graduate within the next 5-6 years.
The future of this institution is not clear and it was assumed that it will continue in the future either as a state Medical Faculty, fee levying non-profit organization, Government Private Partnership or as a Private Institution with an annual intake of around 100 students.
Currently, on average, out of 1450 who complete internship, around 1200 are employed by the Minister of Health, while around 220 seek employment in the private sector or migrate. The balance 30 make a career either in the University or the defense forces.
This study envisaged that the Government has plans to open up a Medical Faculty at Wayaba University in Kuliyapitiya in the North Western Province. It assumed that this Faculty will produce around 100 doctors annually to the system from 6 years hence.
There are around 19,900 doctors including consultants, working full time in the Ministry of Health [11] . Around 3050 are either full time General Medical Practitioners or are doctors and consultants employed full time in the private sector. The defence establishment has about 320 and the University system about 625 doctors in their permanent cadre [12] .
Workforce dynamics are complicated as the state sector employed doctors are allowed to be engaged in private practice after hospital working hours. This includes doctors employed in the Minister of Health and those in the Universities and Ministry of Defense. Sample studies indicated that around 60% of state sector employed medical officers and 90% of consultants availed themselves of this privilege (table 1) . Further confounding the workforce dynamics was the number of doctors entering specialist training programs, attrition from service and retirement. Majority of those who left or retired from state employment, joined the private sector either as part time or full time medical practitioners or consultants and worked until they reach around 70 years. System dynamics model developed in this research captured the parameters and rates given in table 1.
Results
The results from the simulation of the System Dynamics model for 15 years under different scenarios are given in table 2. The key output parameters were "percentage need met" and the "doctor to population ratio" (table 3) .
Discussion
Healthcare delivery is a large, complex, socio-technical system, compounded with increasing complexities and growing uncertainties. Healthcare decision-making is complicated, as it involves different stakeholders in different strata with different perspectives. Therefore, health planners need to use systemic and systematic approaches to address them. In this context, Operational Research modelling techniques can be used to address many system problems encountered within the healthcare setting [13] .
System Dynamics (SD) modelling has been used in a wide range of health applications. At one end of the spectrum is the use of System Dynamics modelling for a particular, specific disease. For example, screening for disease, developing emergency health and managing waiting times for treatment. At the other end of the spectrum is the application of System Dynamics in more complex and wider ranging issues in health care, such as assessing public health risks, or planning the healthcare workforce [14] . This paper describes a System Dynamics model for the supply of doctors in Sri Lanka, which fits well with the above described scope and applications of System Dynamics.
The success of Sri Lanka's health sector is largely due to its effective public delivery system, which provides both preventive and curative care at low cost. Government provides almost all preventive care and most in-patient treatment. 
Paper
Private health sector started to boom since 1980s. A few private hospitals primarily located in Colombo, deliver the bulk of private healthcare services, as the high fixed costs of operating healthcare facilities have served as a barrier to new entrants creating an oligopolistic market [9] .
The WHO has identified a threshold in workforce density below which high coverage of essential interventions, including those necessary to meet the health related millennium development goals is very unlikely. Based on these estimates it has listed 57 countries with critical shortages. However Sri Lanka is not a one of those countries [15] . Therefore, it could be stated that, Sri Lanka currently has no acute shortage of health workforce including doctors.
Considering the different sectors and the dual employment pattern, there were around 31,000 "fulltime equivalent" doctors in Sri Lanka as at mid 2017. This gives a doctor to population ratio of around 1: 671 and the percentage need met is 91%.
When the "percentage need met" is less than 100% it means a shortage, when it equals 100% it is a point of saturation and when it exceeds 100% it implies an oversupply. Therefore, there is a shortage of doctors in Sri Lanka as at 2017.
However, if the current status quo continues Sri Lanka's doctor to population ratio will improve As illustrated in the table 3 even if the intake of medical students is to increase by 200, 400 or 600 no change in the doctor to population ratio or percentage need met, will occur until 2023. This is due to long duration of training for medical undergraduates.
If the intake is increased by 200 from next year, need will match the supply in the year 2025. By 2027 percentage need met will be 107% and by 2032 it will be 128%. Doctor to population ratio will also improve substantially over the years from 1:436 to 1:376 from 2027 to 2032. If the intake is increased by 400 from next year, need will match the supply in the year 2025, if the intake is increased by 600 it will still happen in the year 2025. Above description highlights a clear oversupply of doctors in Sri Lanka which will begin in 2026/27 and to get worsen by 2032.
However if the model is simulated without considering the private medical school and the proposed Wayaba Faculty, the doctor to population ratio will be 1:543 
Conclusion
If status quo of intake of doctors is maintained, by 2025 Sri Lanka will have enough doctors. Even if the intake is increased by 600 within the next year, there will be no effect on the system until 2024.This is purely due to the long training period required to become a doctor.
This study reckons that there is no acute necessity for opening up of anymore private or state medical schools However, a comprehensive health workforce analysis of this nature will have to be done every 5 years and the intake adjusted according to the country's requirement. Furthermore, there should be a mechanism to regulate the large number of students going abroad to study Medicine. Public awareness about the supply and need for doctors in the country should be enhanced.
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